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The most important maize pest in North America as well as in Central Europe is the 1 European corn borer (Ostrinia nubilalis Hübner). However, in the South of Europe the pink stem 2 borer (Sesamia nonagrioides Lef.) also causes significant damage to maize. S. nonagrioides is the main 3 borer in Northwestern Spain especially in coastal areas (Cordero et al., 1998) . 4 Plants have a great diversity of strategies and mechanisms of defense against pests. The 5 mechanisms of defense may be classified into three groups, namely antixenosis, antibiosis and 6 tolerance (Painter, 1951) . Antixenosis reduces the probability of contact between potential 7 consumers and plants and has been described in some genotypes against the European corn 8 borer (Barry and Darrah, 1988) . Dicke and Guthrie (1988) proposed that late maturity corn is 9 more attractive than early corn to the moths of the second generation of European corn borer.
10
The same results were found for the second generation of Sesamia nonagrioides (Malvar et al., 11 
1993).

12
Antibiosis is the ability of the plant to reduce the growth and/or development of the 13 larvae after contact has been initiated. The search for maize genotypes resistant to the European 14 corn borer has been in progress for over 60 years in inbreds (Guthrie and Dicke, 1972 ; Hudon 15 and Chiang, 1985; Hudon and Chiang, 1991) and populations (Reid et al., 1991) . Also, sources of 16 antibiotical resistance to the pink stem borer have been detected among populations and inbred 17 lines (Anglade and Bertin, 1968; Malvar et al., 1993; Cartea et al., 1994; Malvar et al., 1995) .
18
Tolerance is the mechanism by which plants maintain similar levels of production under 19 vastly different levels of infestation. Tolerance does not reduce the levels of infection in contrast 20 with antibiosis or antixenosis. It is very difficult to detect the differences in tolerance among 21 plant genotypes because it is necessary to determine the amount of yield reduction per unit of 22 infection. This means that yield under protected conditions has to be compared with the yield of 23 an infected crop. This is a complicated work with large experimental errors so few studies have The objective of this study was to detect antixenosis, antibiosis, and/or tolerance against
10
Sesamia nonagrioides in ten inbred lines of maize and their single crosses in a diallel to evaluate 11 their potential use for a breeding program against this pest. Ten inbreds with different degrees of antibiosis to stem tunneling by S. nonagrioides (A509, A661, 3 A637, CM105, EP28, EP31, EP42, F7, PB60 and Z77016) were selected as parents of a diallel.
4
In 1994, the 10 inbred lines were crossed to produce a complete diallel set with reciprocals.
5
The 90 F1 single crosses with reciprocals were evaluated along with 10 checks in a 10 x 6 10 simple lattice design under artificial infestation conditions. Experiments were carried out in 7 1995 and 1996 in Pontevedra, in Northwestern Spain (42º42'N, 8º39'W, 20 m above sea level).
8
Each two-row experimental plot consisted of 15 hills with two kernels per hill. The rows were 9 spaced 0.80 m apart and the hills were spaced 0.21 m apart. Hills were thinned to one plant after 10 emergence, obtaining a final plant density of 60 000 plants ha -1 . The 10 inbred parents were 11 evaluated in a randomized complete block design with four replications. The experimental plot 12 was identical to the hybrid trial except that 13 kernels were planted in each row in the inbred 13 trial. Both trials (hybrids and inbreds) were separated by border rows to limit competition, but 14 they were managed under the same conditions.
15
At silking, the first five plants in each plot were artificially infested with one egg mass of 16 about 40 eggs. The infestation technique has been described by Anglade (1961) , but the eggs 17 were placed between the shank of the main ear and the stem instead of placing them on the third Hybrids and inbred lines were analyzed separately. The reciprocal crosses were not considered 19 because reciprocal effects were not significant for damage traits (Butrón et al., 1997) . Therefore, 20 the mean for each F1 was calculated. Check hybrids were also removed for the analysis. For inbreds, the PC1 for the principal component analysis of pooled data over two years 10 for stem damage traits explained the 60% of the total variation under artificial infestation. The 11 coefficients of PC1 also were positive for all stem damage traits and this PC1 could be 12 considered as a stem damage index. The inbred line CM105 was removed from the inbred 13 analysis because it grew poorly in both years. The stem damage index under artificial infestation 14 from pooled data over years was used to evaluate the stem antibiosis of the genotypes (Table 1) .
The inbreds A509, A661, EP31, F7, PB60 and Z77016 showed stem antibiosis (stem damage 16 index < 0). A509 had also exhibited antibiosis in a previous study (Malvar et al., 1995) . F7 and 17 A509 showed the best general combining ability for the stem damage index under artificial 18 infestation (Table 2) .
19
The correlation coefficient between inbred performance and general combining ability 
6
Hence a genotype with a high negative value for PC1 was considered to have ear antibiosis. variation, but some coefficients for this component were negative and other positive, so it is 12 difficult to explain its meaning in a biological sense. Therefore, the PC1 for hybrid ear damage 13 traits could be considered as a index of ear damage.
14
In the analyses of pooled inbred data over two years, the total variation of all ear damage 15 traits explained by the PC1 was 55%. The results of the principal component analysis for inbred 16 ear traits were similar to those for hybrid ear traits. Therefore, PC1 for inbred ear damage traits 17 could also be used as a index of inbred ear damage.
18
A509, A661, and EP31 had ear antibiosis (Table 1) . A509 had shown ear antibiosis in a 19 previous study (Malvar et al., 1996) . The correlation coefficient between performance per se and 20 general combining ability for ear damage index was lower than the correlation coefficient for 21 stem traits (r=0.40). A reason for this could be that for ear traits the PC1 explained a lower 22 proportion of the total variation than for stem traits. A661 and CM105 showed the best general 23 combining ability (Table 2 ) and the most antibiotical resistant hybrid were A661 x CM105.
24
As it had already say, the PC1 for stem damage traits explained a higher percentage of 1 total variability than the PC1 for ear damage traits. This could be caused by the fact of ear attack 2 distribution was at random since S. nonagriodes prefers stem attack than ear attack.
3
The comparison for each genotype between damage index under artificial and natural 4 infestation conditions was used to detect non-preference for the oviposition by S. nonagrioides.
5
The population pressure under natural infestation in both years were high enough since, in a 6 adjacent plot to the trial, the percentage of damaged plants at harvest were about 100% and the Hybrids from the inbred Z77016, in general, had better stem and ear damage index under natural 13 infestation than under artificial infestation, although the differences there were not significant in 14 all cases. Therefore, non-preference for oviposition could be a defense mechanism of the inbred 
21
This study was only a preliminary evaluation of non-preference for oviposition 22 mechanisms because the damage level under natural infestation conditions could be random. To 23 study all antixenosis mechanisms it is necessary to evaluate all genotypes in a enclosed 24 environment and to control the number of moths in the environment (Barry and Darrah, 1988) .
25
This is not feasible when evaluating large numbers of genotypes. inbreds. These lack of fit for the regressions of yield loss on damage indexes indicated that, in 10 addition to resistance components, tolerance to S. nonagrioides was also present in these plants.
11
Kumar and Mihm (1995) also found both defense mechanisms (antibiosis and tolerance) 12 operating in maize hybrids against fall armyworm, southwestern corn borer, and sugarcane borer 13 attack.
14
The inbreds A637, A661, F7, and PB60 showed stem ( fig. 1) and ear tolerance (fig. 2 ).
15
The antibiosis of hybrids could be predicted from the performance of the inbred parents, but the 16 correlation between inbred performance and general combining ability for yield loss was low 17 (r=0.13). Thus, tolerance does not depend only on the tolerance of the inbreds parents.
18
Some genotypes had antibiosis and others had tolerance. Antibiosis and tolerance did not (1996) . F7 showed the 2 best general combining ability for yield loss the best specific combination being F7 x PB60. The 3 inbred line F7 could be used in breeding programs to improve stem antibiosis to Sesamia 4 nonagrioides and thus, to reduce yield losses.
5
In conclusion we can say that antixenosis, antibiosis and tolerance are operating in maize 6 against Sesamia nonagrioides. A multitrait selection scheme using damage traits and yield could 7 improve the mechanisms of defense against the pink stem borer. 
